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ABSTRACT

Moderately well-correlated with the mouse bioassay, requiring a much smaller
amount of raw fish flesh, and employing a faster chemical extraction procedure, the

mosquito bioassay represents significant progress in detecting ciguatoxin in fish mus-
cle. Weuse the mosquito bioassay to evaluate the approximate amount of ciguatoxin
present in the remains of 25 fish of 1 7 different species involved in 99 documented
cases of ciguatera poisoning. From the data provided by mosquito bioassay and hu-
man symptomatology, we determine a dose-effect relationship for ciguatoxin (CTX)
to man. Three average pathogenic doses (PD) are established. The minimum PD is

estimated to be 0.6 ng CTX/kg, the PD50 to be 2 ng CTX/kg, and the PD100
to be 8 ng CTX/kg. These data suggest a MLD(minimal lethal dose) value of 20

ng CTX/kg.

INTRODUCTION

Ciguatera is the most frequently reported food-borne disease in French Polynesia.
Its sporadic and scattered outbreaks, tied to natural and human phenomena, consti-

tute a widespread and serious problem in these islands, both as a health hazard (Fig.

1) and as an obstacle to the exploitation of reef-fish resources (Fig. 2).

As accurate an evaluation as possible of ciguatera levels is imperative for use by
local authorities. Until a simple, reliable, rapid chemical assay, like the one recently

proposed by Hokama (1985), is available, bioassays will continue to be widely used.

Usually, small animals are used for bioassays. Thus, the mosquito bioassay (Pompon
et ai, 1984), which has a moderate correlation to the cat bioassay and the mouse
bioassay (Bagnis et al, 1985), represents significant progress in detecting ciguatoxin
in fish muscle. The swiftness of the chemical extraction procedure (Pompon and Bag-
nis, 1984) and of the mosquito response, as well as the small amount offish needed,
allow us to check the ciguatoxicity of very small fish (Chungue et al, 1984) or of the

remains of poisonous meals. The following study aims to establish, from the data

taken from the mosquito bioassay and human symptoms, a relationship between the

approximate amount of ingested ciguatoxin (Scheuer et ai, 1967) and its clinical

effects (Bagnis ?/ al., 1979).

MATERIALANDMETHODS

Patients

Patients either were seen in the consulting room of the Louis Malarde Medical

Research Institute in Papeete or were hospitalized in the General Hospital in Papeete.
Clinical symptoms were observed in all the poisoned people.

137



138 R. BAGNIS ET AL.

C. I . R. C.I . R.

150

100

50



MOSQUITOBIOASSAY 139

75

50

25

(A)

i
(T)

(S)

Archipelagoes

SOCIETY (S)

TUAMOTU (T)

GAMBIER (G)

MARQUESAS(M)

AUSTRAL (A)

identified
fishes

5 805

1 322

898

2 174

45

77/t

Acanthurids (Aca.

Balistids (Bal . )

Carangids (Car. )

Holocentrids Hoi

Kyphosids (Kyp. )

Labrids (Lab.)

Lethrinids (Let . )

Lut janids (Lut . )

Mugil ids (Mug . )

Mullids (Mul.))

Murenids (Mur . )

Scarids (Sea. ) )

Scombrids (Sco. )

Serranids (Ser . )

Siganids (Sig. ) h .

Sphyraenids (Sph.

(Aca) (Bal) (Car) (Hoi) (Kyp) (Lab) (Let) (Lut) (Mug) (Mul) (Mur) (Sea) (Sco) (Ser) (Sig) (Sph)

FIGURE 2. Geographical distribution of ciguateric fish in French Polynesia.

h after injection. The method of Bliss (1938) was used to calculate LD50 in mosqui-
toes. The fish ciguatoxicity was expressed in equivalent gram offish (fge) or in Aedes

mosquito-units (AU). A fish contains 1 AUof ciguatoxin when five mosquitoes in a

group often die after each has received extract equivalent to 7 mgoffish.

Dose-effect relationship for ciguatoxin

Using as a baseline the MLDof pure ciguatoxin for mice [i.e., 0.45 g/kg according
to Tachibana (1980)], the correspondence between cat bioassay (Bagnis and Fevai,

1971), mouse bioassay (Yasumoto et al, 1977), and mosquito bioassay have been

previously established (Bagnis et al., 1985). They are as follows:

1 AU = 17.5 X 10~
5

mouse-units (MU) = 8.8 X 10"
5

cat units (CU)
-3

= 1.6X 10-
J

ngCTX.

RESULTSANDDISCUSSION

Epidem i ological features

Twenty-five fish, eaten by 142 individuals, induced ciguatera symptoms in 99

people (see Table I). Among these, 30 were hospitalized for a period ranging from 24

hours to 10 days. The fish involved in the most severe cases were carnivorous fish

from four species: Lethrinus miniatus, Cheilinus undulatus, Aprion virescens, and

Sphyraena barracuda.

Clinical features

The most frequently observed symptoms are shown in Table II. Sensory distur-

bances were much more frequent than neuromotor symptoms.
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TABLE I

Resitlls of the mosquito bioassayfor 25 fish involved in documented cases ofciguatera poisoning, with the

corresponding lexicological data provided from the mouse bioassay and the cat bioassay

Fish
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TABLE II

Frequency of symptoms in 99 documented cases ofciguatera

%of patients
Symptom wi t h finding*

1. Paresthesia of the extremities 92
2. Circumoral pareshesia 92
3. Burning or pain to skin on contact with cold water 9 1

4. Arthralgia 88
5. Myalgia 86
6. Diarrhea 74
7. Asthenia 66
8. Nausea 56
9. Pruritus 48

10. Headache 45
1 1 . Abdominal pain 44
12. Chills 43
13. Vomiting 40
14. Bradycardia 38
15. Vertigo 33
16. Perspiration 32
17. Ataxia 28
18. Hypotension 28
19. Dental pain 24
20. Tremor 18

21. Salivation 18

22. Watery eyes 17

23. Dyspnea 16

24. Cardiac dysrhythmia 15

25. Neck stiffness 13

26. Dysuria 13

27. Paresis 8

28. Cardiac distress 6

29. Hiccoughs 2

*
Percentages in table refer to all 99 documented ciguatera cases. Percentages in text refer to symptoms

observed in the 30 hospitalized cases.

Toxicological features

The data on fish ciguatoxicity, as determined by the mosquito bioassay, are shown
in Table I. Also indicated are the corresponding doses of ng CTX, evaluated from the

cat bioassay and the mouse bioassay results when available. Wecould not correlate a

high level of ciguatoxicity in a fish to a severe syndrome in all its consumers.

For a more accurate analysis, the toxic fish were separated into two classes. Eigh-
teen fish, poisonous for at least 50% of their consumers, were labelled >PD50 fish.

Their ciguatoxicity ranged from 0.83 X 10"
3

fge (inferior toxicity, IT) to 6.3 X 10~'

fge (superior toxicity, ST) with a mean toxicity (MT) evaluated to be 1 .83 X 10'
3

fge,

from 1 . 1 to 8.4 AU(MT =
4.2), and from 0.26 to 1 .9 ng CTX(MT =

1 ). Seven fish,

poisonous for less than 50% of the consumers, were labelled <PD50 fish. For them,
the ciguatoxicity ranged from 3.14 to 7.95 X 10~

3

fge (MT = 6.02 X 10^
3

), from 0.9

to 2.2 AU(MT =1.3), and from 0. 1 9 to 0.5 ng CTX(MT -
0.9).

Dose-effect relationship for ciguatoxin in man

In the 25 documented cases mentioned above, the average ration offish eaten by
the patients was estimated to be 0.30 0.15% of their body weight (62 18 kg);
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TABLE III

Average and extreme doses ofciguatoxin per kg of individual weighing 62 kg and consuming 0.3% of the

body weight (186 g) of poisonous fish from mouse, cat, and mosquito bioassays,

expressed in animal-units and in nanograms

Dose of
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(i.e., 0.7 MU/kg); the PD50 is estimated to be 2 ng CTX/kg (i.e., 0.3 MU/kg); and
the PD100 is estimated to be 8 ng/kg (i.e., 0.9 MU/kg). These data suggest a MLD
for man of approximately 20 ng CTX/kg (i.e., 3 MU/kg).
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